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The problem of e.m. gaussian beam i n t e r a c t i o n with a p l a n a r i n t e r f a c e s e p a r a t i n g two l o s s l e s s d i e l e c t r i c m e d i a , f o r r e g u l a r i n c i d e n c e , i s cons i d e r e d . Employing a modal plane wave expansion and t h e c o n t i n u i t y of t h e f i e l d s a c r o s s t h e bounda r y , t h e r e f l e c t e d and r e f r a c t e d beams are obtained. Use i s made of the Fresnel approximation and a Taylor series expansion of b o t h t h e r e f l e c t a n c e and t r a n s m i t t a n c e , f o r b o t h p o l a r i z a t i o n c a s e s . Particular emphasis is g i v e n t o t h e s h i f t of both t h e r e f l e c t e d and r e f r a c t e d beams, t h e c h a n g e i n width of t h e t r a n s m i t t e d beam, and the behaviour a t p o l a r i z i n g i n c i d e n c e . I n t r o d u c t i o n P r o p e r t i e s of t h e l a t e r a l beam s h i f t t h a t o c c u r s a t t o t a l i n t e r n a l r e f l e c t i o n , " t h e GoosHznchen shift", have been examined e x t e n s i v e l y i n t h e p a s t [ l ] and also very recently [2, 3] .
Howe v e r , i n t h e d e s i g n of o p t i c a l c i r c u i t e l e m e n t s s u c h a s c o u p l e r s , f i l t e r s , e t c . , which are used i n beam guiding systems for transmission of light heams o r millimeter waves, t h e p r o p e r t i e s of beam i n t e r a c t i o n a t r e g u l a r i n c i d e n c e i s becoming of increasingly higher importance. Although extens i v e s t u d i e s [ 4 , 5 ] on t h i s problem have been reported, some of i t s a s p e c t s r e q u i r e f u r t h e r a n a ly s i s and c l a r i f i c a t i o n s , which i s t h e o b j e c t i v e of o u r p r e s e n t a t i o n . I n t h i s t r e a t m e n t , t h e g a u s s i a n beam d e s c r i p t i o n i n t r o d u c e d by Horowitz and Tamir 121 i s u s e d , i n a d d i t i o n t o a T a y l o r s e r i e s expans i o n of both the reflectance and transmittance [5] . I n p a r t i c u l a r , p r o p e r t i e s o f t h e r e f l e c t e d and ref r a c t e d beams, not described before [5, 6] , are c l e a r l y i d e n t i f i e d , o b t a i n i n g e x p l i c i t a n a l y t i c a l e x p r e s s i o n s f o r t h e beam s h i f t a s well a s t h e change i n t h e r e f r a c t e d beam s t r u c t u r e t h a t a g r e e w i t h p r e v i o u s r e s u l t s [ 3 ] .
Beam F i e l d s
The i n c i d e n t f i e l d i s chosen to be a gaussian beam which a t i t s waist ( Fig.1) is given by
, r e p r e s e n t i n g HY o r Ey f o r p a r a l l e l o r normal polarization, resp e c t i v e l y , and w d e n o t e s t h e r e a l beam width 1 7 1 a t t h e waist zo t h a t ci = (klwo)-' << 1. s o t h a t t h e i n c i d e n t (:s=l), r e f l e c t e d (p=2) and t r a n s m i t t e d (p=3) f i e l d s can be expressed as
where H , = l , H =T(y), H,=T(y)=T(i'+l with T(y) b e i n g t h e f a m i l i a r F r e s n e l r e f l e c . : .~n c e , and by d e f i n i t i o n of Fig.1 ,
h,+(~x+B,z)l* Applying the Fresnel approximation to x (y) and expanding Hp(y) i n t o a Taylor series akout y = k l s i n e i = k2sinOt, the resulting integral expressions can be evaluated in a closed form for regular incidence, i.e. excluding the proximity <<1, and B (e.), T (e ) represent the normalized Taylor coefficients, and Hn(t) denotes a Hermite polynomial of order n with complex argument t .
Thus, upon incidence of a fundamental complex beam mode ( 2 ) , i n a d d i t i o n t o t h e g e o m e t r i c a l l y r e f l e c t e d and refracted fundamental beam modes
$r and Q , a l l higher order complex beam modes Qr and $t are generated, which are proportional to the corresponding higher order Taylor coeffic i e n t s Bn (Fig.2) and Tn, a s well as t h e beam parameters an and at , respectively. Further-
more, i t i s found t h a t t h e t r a n s m i t t e d beam s t r u ct u r e s u f f e r s c h a n g e s i n a m p l i t u d e
and phase, which a r e e x p r e s s e d i n ( 4 ) Similarl y , the transmitted beam s u f f e r s a n a n g u l a r beam d e f l e c t i o n which i s given by 
/(B1 (eB)cosBi).
From inspection of Fig.2 beam peak starts to appear and becomes s t e a d i l y more domina n t as Bi > BB, i . e . the range (OB-",) < Bi < (BB4ao) i s t h e t r a n s i t i o n r e g i o n w i t h i n which t h e r e f l e c t e d beam properties change from backward t o forward deflection (Fig. 3b) . , r e s p e c t i v e l y . By v i r t u e of These higher order generated beam modes, t h e e x i stence of an angular beam s h i f t a t r e g u l a r i n c id e n c e f o r b o t h t h e r e f l e c t e d and transmitted beams h a s b e e n e x p l i c i t l y i d e n t i f i e d .
Con'clusions
However, o n l y f o r beam incidence a t a p r i n c i p a l a n g l e Oi , f o r which t h e r e f l e c t a n c e d i s p l a y s a p p r e c i a b l e s l o p e , and f o r a p p r e c i a b l e d i s t a n c e s o f f t h e i n t e r f a c e , should the beam s h i f t be o f p r a c t i c a l s i g n i f i c a n c e as t h e a n g u l a r 
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